ABSTRACT. The period of an RR Lyrae variable can be determined far more accurately than any other characteristic of the star, in principle affording an exquisitely sensitive means of measuring tiny changes in the density of the star, and thus its evolution through the instability strip. Although much effort has been devoted to determining RR Lyrae period changes in the century since the class of RR Lyrae variables was defined, period change "noise" has complicated the measurement of evolution in RR Lyrae stars. These noisy period changes are themselves of interest, however, and they may reveal hitherto unsuspected attributes of RR Lyrae stars. The status of the problem is reviewed.
INTRODUCTION
The delineation of the evolution of the stars has been a major challenge and a considerable triumph for twentieth century astrophysics. The main observational tool for testing theories of the evolution of low mass stars has been the color-magnitude diagram, particularly as applied to star clusters. Stellar evolution is, however, expected to move low mass stars through the colormagnitude diagram at a rate too small to measure except by the exquisitely sensitive means of the observed period changes of pulsating variable stars. The pulsation period of a Cepheid or RR Lyrae star is tied to its mean density by the pulsation equation, IVp = Q. Because, in the course of a few years, the period of an RR Lyrae star can be measured to one part in 10 6 or one part in 10 7 , a small change in the density of such a star reveals itself as a change in period long before it can be detected by any other means.
The first of the Cepheid variable stars was discovered in 1784. More than a century elapsed before the class of RR Lyrae variables was identified, mainly through the work of Solon Bailey and his colleagues at the Harvard College Observatory (Smith 1995) . Struck by the regularity of the periods of RR Lyrae variables in the globular cluster Μ 3, Bailey (1913) considered the cases of the few variables in that cluster which seemed to exhibit irregularities of period. Given the relatively short timespan covered by the observations available to Bailey, about two decades, it is not surprising that Bailey's study revealed little about the long term period changes of these stars. A few years later, Eddington (1918) issued his oft-quoted statement that "It would be of great interest to determine the change in period (if any) of [Cepheid variable stars], some of which have been under observation for many years; because this would give a means of measuring a very slight change in density and so determine the rate of stellar evolution and the length of life of a star". Martin (1938) , in his wonderful study of the variable stars in ω Centauri, found further evidence that the periods of RR Lyrae variables were not always constant by comparing his observations with those of Bailey. Nonetheless, since the ω Centauri variables had not been studied in the almost four decades between Bailey's observations and Martin's, their full range of period change behavior remained hidden. It was instead through observations of RR Lyrae variables in the general field that the variety of their period change behavior became evident.
FIELD RR LYRAE STARS
In the early twentieth century, increasing numbers of RR Lyrae stars were found in the general galactic field. By the 1920's and 1930's, repeated observations had shown that not all of these field variables were constant in period, and that attempts to account for the observed period changes with periodic terms in the ephemeris were generally unsuccessful. Prager (1939) reviewed the evidence for period changes among the field RR Lyrae variables, concentrating particularly upon three variables for which observations extended for almost half a century. He noted that these three stars exhibited abrupt period changes, which may be contrasted with the smooth rate of period change which one might expect to result from progressive nuclear burning and consequent evolution in the HR diagram.
Later studies have found aburpt period changes in other field RR Lyraes, though instances are also known where the period has been constant for almost a century or for which apparently continuous rather than abrupt period changes have occurred. In some stars, both period increases and period decreases have been seen. This period change behavior indicates that some sort of period change noise overlies any evolutionary period change. Sweigart & Renzini (1979) suggested that these noisy period changes might be associated with mixing events in the semiconvective zone of the stellar core. Alternatively, Stothers (1980) suggested that non-evolutionary period changes might be a consequence of hydromagnetic effects in RR Lyrae variables.
Although period changes have now been determined for many field RR Lyrae variables, and although for some field variables the observational record is more complete than for their globular cluster counterparts, the heterogeneous nature of the observational records for different field variables has hindered the search for patterns in the period change data. Tsesevich (1966 Tsesevich ( , 1972 analyzed period changes for a sample of field RR Lyrae stars, finding that the RRab stars of high metallicity tended to have smaller period changes than those of lower metallicity, a result which is confirmed with more recent metal abundance data (Smith 1995) .
EVOLUTIONARY PERIOD CHANGES
If averaged over a sufficiently long time interval, the observed period changes of RR Lyrae variables must reflect the evolution of the star in the HR diagram. There are now two lines of evidence, mainly dealing with RR Lyrae stars in globular clusters, that indicate that, a century after the discovery of RR Lyrae variables, we may at last be starting to discern evolutionary patterns of period change.
The first line of evidence is illustrated in Fig. 1 , updated from Lee (1991) and Wehlau et al. (1992) to include recent period change studies of RR Lyraes in Μ 5 (Reid 1996) and in Μ 15 (Silbermann & Smith 1995) . Points are plotted for several globular clusters for which the observational record extends for about half a century or longer. The y-axis indicates the median rate of period change, ß, in days/million years. The x-axis of the figure is a parameter describing the distribution of stars on the horizontal branch (Lee 1991) : Β is the number of stars to the blue of the instability strip, R is the number of stars to the red of the instability strip, and V is the number of RR Lyrae variables. The dashed line approximates Lee's (1991) prediction of the rate of median period change versus horizontal branch type. In accord with the models of Lee, Demarque, & Zinn (1990) , the RR Lyrae stars in Oosterhoff type II clusters with very blue horizontal-branches are predicted to show period increases because they are highly evolved stars, which for the most part began their horizontal branch lives on the blue horizontal branch and which are now evolving toward the asymptotic giant branch. Although Fig. 1 is broadly in accord with the predictions of Lee, one may note that the evidence for an increase in β for clusters with blue horizontal-branches hangs most strongly on the results for ω Centauri. The results for ω Cen are based upon Belserene's (1964 Belserene's ( , 1973 ) studies of RRab stars in that cluster using observations obtained between 1893 and 1967. Clearly, it would be of interest to extend the omega Cen study to include RRc stars and to include the additional thirty years of observations which have accumulated since 1967.
A second line of evidence comes from examinations of patterns of period change within individual globular clusters. One might expect the brightest RR Lyrae variables within a given cluster to be the ones which have evolved the most from their zero-age horizontal-branch positions, and thus to show larger rates of period increase than do their fainter counterparts. This has been observed for RR Lyrae stars in Μ 5 (Reid 1996) and Μ 15 (Silbermann & Smith 1995) , though the significance of the difference, at least in the case of Μ 15, is marginal. Gay (1996) has recently called attention to an intriguing property of the largest period changes of RR Lyrae variables in several globular clusters. Using data in the literature, she has examined rates of period change of RR Lyrae variables in five globular clusters (M 3, Μ 5, NGC 6934, Μ 15 and Μ 22) , each with an observational record of half a century or more. These period changes have been parameterized by the quantity a = (l/P)(dP/dt), where the time interval dt is taken to be 10 6 years. Values of a have been derived by fitting a parabola to the Ο -C diagram of each star. It must be reiterated that a parabola does not always provide a good fit to the Ο -C diagram of a star. Nonetheless, the parameterization of rates of period change by α values is useful for selecting the stars with the largest increases or decreases of period. These large positive and negative rates of period change are of a magnitude which exceeds those expected from evolution except in very rare cases.
PATTERNS OF NOISY PERIOD CHANGE
The results of Gay's study are illustrated in Fig. 2 . We find that the largest positive and negative values of a are found among the RRab variables rather than the RRcd stars, confirming earlier findings for Μ 3 and Μ 15 by Szeidl (1975) and Silbermann & Smith (1995) . This excess does not seem to be merely a consequence of the larger sample size of the RRab group: were the proportion of stars with | a j greater than 0.7 the same for the RRcd variables as for the RRab stars, we would expect to see about eight stars in the RRcd group with α greater than 0.7 or less than -0.7, whereas we find only one such star. If stars for which cycle count uncertainties preclude calculation of a, but for which large period changes have clearly occurred, are included in the sample, the same basic pattern is seen.
This excess of large period changes among the RRab stars compared to the RRcd stars of these five clusters is without adequate explanation. Silbermann & Smith (1995) considered whether the occurrence of large period changes among the RRab stars of Μ 15 could be explained by instabilities predicted to occur toward the end of a star's horizontal-branch life in some evolutionary models (cf. Koopmann et al. 1994 ), but found that explanation unsatisfactory. Fig. 2 seems to imply the existence of some sort of coupling between the largest period changes and pulsation mode which is unexplained by current theory. The model for noisy period changes advanced by Sweigart & Renzini (1979) , for example, explains such changes by mixing events near the stellar core which one would expect to have no direct connection with pulsation mode.
CONCLUSIONS
We appear to be on the verge of being able to test models of the evolution of horizontal-branch stars through observations of their period changes. Additional progress on the observational front will, however, not come quickly, requiring the painstaking accumulation and analysis of observations spanning many decades. The apparent existence of an association of the largest "noisy" period changes with pulsation mode poses a challenge to current theories of how these changes occur.
My interest in RR Lyrae variable stars began in 1972, when I used Wesleyan's Fisk refractor to make visual observations of XZ Cygni for a class taught by Arthur Upgren. I thank Dr. Upgren for his encouragement of my early pursuits in this field.
